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Abstract 
Medical waste is one of the major hazardous wastes and carries a large number of pathogenic bacteria, so they could pose a big 
threat to the environment and human health if not being recycled and disposed properly, especially in developing countries. 
China has obtained great achievements about the management of medical waste in the past ten years. The studies mainly focus on 
the policy and regulations, processing technology, and the classification and packaging, etc. The collection process is somehow 
ignored in which the cost proportion and risk are high. Every year, there are some unnecessary casualties and property loss 
during the collection process in China. This paper pays much attention to this process and regards it as a reverse logistics activity. 
We analyze the collection network including the structure and flow of medical waste which recycled by the third party disposal 
company in China. Furthermore, the solutions are proposed to solve the existing logistics problem. Finally, the suggestions about 
regulations and monitoring methods during the collection process are given.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Current status of medical waste recycling and management in China  
1.1. Definition, classification, and regulations of medical waste  
It is not late for China to realize the harmfulness of medical waste. Early in the 1958, He Yi-ming et al. [1] pointed 
out the importance of medical waste in their article. They believe that medical waste is different from general 
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rubbish, and it is very dangerous on the prevalence of some diseases. Therefore, medical waste must be collected 
and disposed timely and properly. But it costs a long period of time for scholars to define the medical waste [2-6]. 
Until the breakout of SARS in 2003, China began to pay attention to the management of medical waste seriously. In 
the June of 2003, China published Regulations on the Administration of Medical Wastes (Order No.380 of China 
State Council, 2003). In this bulletin, medical waste refers to the toxic or indirect toxic, infectious and other 
hazardous wastes generated from the activities of medical and health institutions in the medical, health care, 
prevention, and other related medical treatment [7]. Till then, China has a consistent and accurate definition of 
medical waste. 
Medical waste is classified into five categories. They are infectious waste, pathologic waste, injury waste, 
medicine waste, and chemical waste respectively. However, in the actual recycling activities, medical waste is 
usually classified by its components. As shown in Fig. 1, the main components of medical waste are waste glass, 
scrap metal, plastic and rubber, and other medical waste including paper, pathological and drugs, the proportion of 
which separately are 12%, 3%, 25%, and 60%.  
Fig. 1 Components of medical waste in China 
As for regulations and standards, China State Council enacted Regulations on the Administration of Medical 
Wastes. General provisions are included in this Regulation, which embodies managing principles of medical waste, 
such as centralized disposal, strengthened supervision, whole process control, and etc. The publication of  the 
Regulation changed the empty status of medical waste management in China, ensuring  related government 
departments’ supervision on medical waste in accordance with law of the People’s Republic of China. Since then, 
other departments legislated some other supporting regulations and technical standards  in succession, like Measures 
on Permits for use of Hazardous Wastes, Administrative Punishment Measure for Medical Waste Management, 
Technical Standard for Medical Waste Incinerator, etc.(more details are listed in Table 1 and Table 2), providing 
legal basis for strengthening management on medical waste. 
Because of the late beginning of urban environmental sanitation planning in China, the focus of the planning 
work is medical waste disposal all the time. As a result, the studies on collection of medical waste accordingly lag 
behind. From the comparison of the below two tables, we can see that the regulations almost focus on disposal 
technologies. Little attention is paid to the collection process.  
In addition, besides the national regulations, some big cities release their own regional regulations in accordance 
with their realities. Examples are as follows: Measures for medical wastes management of medical and health 
institutions in Tianjin, Regulations on the Management of Medical Wastes in Guangdong, and Regulations of 
Medical Wastes Management in Beijing, and etc. 
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Table 1. Recent regulations related to medical waste management in China. 
Issue Date Regulations Main contents 
2003.6.16 
Regulations on the Administration of Medical 
Wastes 
Regulations about the management, supervision and disposal of 
medical waste in medical institutions   
2003.10.15 
Measures for medical wastes management of 
medical and health institutions 
More detailed regulations about the management of medical waste 
such as collection, packaging, storage and punishment. 
2003.10.10 Classification catalogue of medical wastes Classifies medical waste into five categories. 
2004.5.30 Measures on permits for use of hazardous wastes 
Only those who have operation permit can work on hazardous waste’s 
collection, storage, and disposal.  
2004.5.27 
Administrative punishment measure for medical 
waste management 
The detailed punishments for health institutions and government if 
not taking their responsibilities. 
2008.6.6 National hazardous waste inventory Medical waste is listed in the first place. 
Revised in 
2013.6.29 
Law of the People’s Republic of China on the 
prevention and control of environmental pollution 
by solid wastes 
Special regulations on hazardous waste’s prevention and control. 
Table 2. Recent technical standards about medical waste management of China. 
Issue Year Technical Standards 
2003 
·Technical standard for medical waste transport vehicle 
·Technical Standard for Medical Waste Incinerator 
·Technology Guide for Hospital Sewage Treatment 
·Technical Specifications of medical wastes centralized disposal 
2005 ·Discharge standard of water pollutants for medical organization 
2006 ·Technical Specifications for Chemical Disinfection Centralized Treatment Engineering on Medical Waste 
2007 ·Identification standards for hazardous wastes 
2008 
·Environmental sanitation standard for incineration of medical treatment wastes 
·Standard of packaging bags, containers and warning symbols specific to medical waste 
2009 
·Technical Specifications for the Supervision and Management to the Operation of Incineration Disposal Facilities for 
Medical Waste 
2012 
·Technical Specification of Performance Testing for Facilities of Hazardous Waste (including medical waste)  
Incineration 
1.2. Production forecasting of medical waste in China   
According to the People's Republic of China National Bureau of Statistics, by the end of 2014, there were 
982,443 medical and health institutions, including 25,865 hospitals, 36,899 township hospitals, 34,264 community 
health service centers (stations), 188,415 clinics, 646,044 village health rooms, 3,491 disease prevention and control 
centers, 2,975 health supervision institutes (centers) [8]. With China’s accelerated process of urbanization, people’s 
continual focus on solving  "difficulty in seeing a doctor" problem and popularity of basic medical insurance for city 
residents in China, citizens now are getting more convenient and cheaper medical care. Therefore, the number of 
medical institutions and patients are  increasing gradually, accompanied by a large increase of medical waste. 
According to the data form national medical institutions, including number of beds, diagnosis and treatment of 
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patients during 2006-2014 [9], we can use the calculation method of medical waste generation [10] to obtain each 
year’s medical waste generation, as shown in Fig. 2. It’s obvious that Chinese medical waste generation increases 
year by year, and is far from being saturated. 
Fig. 2 The amount of medical waste during 2006-2014 in China 
Using the exponential smoothing method, we can draw a conclusion that the production of medical waste will 
keep increasing and reach 184.86 million tons by 2020 (in Tab.3).  
The rapid growing medical waste will cause serious impact on nature environment and human health, if it cannot 
be recycled efficiently. Therefore, it is necessary to recycle it scientifically and efficiently and optimize the 
collection network. Also improving the relevant laws and regulations can strengthen the supervision. 
Table 3. Production forecast of medical waste. 
Years Medical waste generation (million tons) 
2015 130.29 
2016 140.90 
2017 151.73 
2018 162.72 
2019 173.79 
2020 184.86 
1.3. Specific recycling process of medical waste in China 
It is quite late for China to attach importance to the recycling of medical waste (after 2003). Adding status of 
lacking supervision and regulation, there now exists several recycling patterns in the meantime. In Table 4, there are 
five common recycling patterns of medical waste in China.  
Table 4. Five common recycling methods of medical waste in China.  
No. Recycling methods Harmfulness Attitude of government 
1 Sold to the recycling vendors Flowing into the society, causing 
social panics and  threatening human 
security. 
Illegal and unsupportive 
2 Discarded at random 
3 Mixed with household garbage Polluting the air and the soil, 
endangering the staff’s health. 4 Burned or landfilled on spot 
5 Recycled by a professional third party Almost no harm and safe Legal and supportive 
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The first three recycling patterns are forbidden by medical waste management regulations because of its harms to 
human health and nature environment. The fourth pattern is a feasible way under current disposal level, but due to 
the backward equipment, many pollutants are generated while incinerating, taking dioxin as an example, which will 
cause a second pollution to the environment. Burying also pollutes the soil and underground water. So it’s valuable 
and urgent to find a more reasonable recycling pattern. In the last pattern, environmental administrative authorities 
will appoint a professional recycle company as a third party to take charge of the collection and disposal of medical 
waste. This pattern satisfies the centralized and harmless disposal principle proposed in Regulations on the 
Administration of Medical Wastes, as a result, it’s encouraged and promoted by the government.   
The third professional recycling pattern has been applied in many cities in China, such as Beijing, Tianjin, Dalian, 
Chengdu and etc. [11] . However, there still exists some problems in the real operation process. And these problems 
are spread in the whole process of medical waste’s recycling and disposal. 
Generally, when medical waste is generated in medical institutions, the institution is responsible for the medical 
waste’s segregation and packaging. After a short time’s storage in the institution, medical waste will be transported 
to the medical waste disposal center that is well-qualified. The disposal center will take different harmless disposal 
technologies to dispose the waste, according to components and contamination degree. The whole process is under 
government’s supervision to ensure that medical waste can be disposed correctly and soundly, as shown in Fig 3. 
Medical Products
Manufactory Collection Disposal
Governmental Supervision
Segregation & Package Transportation
Disposal centerMedical units
The recycle of medical waste
 
Fig. 3 Medical waste recycling and disposal process 
According to Fig.3, the recycle of medical waste consists of two parts: collection and disposal. The collection 
process includes segregation and packaging, transportation. Governmental supervision runs through the whole 
process meanwhile. Centralized disposal by the third party has developed for almost ten years in China, Chinese 
scholars have studied the problems of the patterns including (in Fig.4): (1) the discussion on current status and 
existing problems of medical waste (17%); (2) unclear classification and improper packaging in the collection 
process (16%); (3) laws and regulations to strengthen the recycle of medical waste (9%). 
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Fig.4 Research emphasis about the recovery of medical waste in China 
Obviously, an important intermediate link that medical waste flows from generation source to the depot is ignored 
(in Fig.4, the research on collection network occupies 1% of the all), although the proportion of transportation cost, 
and the risk are high. This process belongs to the reverse logistics activity, which firstly has arouse concern of the 
researchers who major in economic management and logistics management in 2006 [12], rather than the researchers 
from medical and health, environmental engineering and mechanical engineering and etc. Until 2010, the literatures 
increased rapidly. But achievements are still small and unpractical for valuing it too late. This paper will pay much 
attention to improve the collection process from the perspective of the optimization of logistics. Later, we will 
discuss the existing problem in logistics activity and give some suggestions to help enterprises reduce transportation 
cost and risk. 
2. The existing logistics problem in the collection process of medical waste  
2.1. The structure of collection network of medical waste 
The design and optimization of collection network belongs to the area of reverse logistics. It aims to determine 
the network structure including the number of nodes and the  flows between nodes. The network structure has a 
great influence on later operation of a company ant needs to be built carefully and reasonably. 
With the natural resources increasingly tense, circular economy policy is carried out. To obey the policy and 
chase more profits, enterprises build remanufacturing system, and closed loop network composed of obverse and 
reverse activities is also formed. For example, e-waste and end-of-life vehicles are recycled and remanufactured, 
which saves a lot of costs and obtains huge profits for manufacturing enterprises [13]. However, medical waste has to 
end its life by non-renewable methods such as landfilling and incineration because its’ toxicity and infectivity. As a 
result, unlike the e-waste and end-life-vehicles, the flow terminal of medical waste is the depot rather than a 
circulation from factories to consumer market. Although some foreign literatures analyze the heat value produced by 
combustion of medical cottons and plastic bottles and make a suggestion that the waste can be used to generate 
electricity, it is still far from implementation for China [14].  
When designing the recovery network of medical waste, Chinese government think over the transportation risk of 
medical waste. As a result, the urban medical waste is generally collected by a two-level network whose nodes are 
only generation sources and the depot, as shown in Fig. 5(a). 
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Fig.5 Current collection network and improved network 
In this two-level network, the pick-up vehicles visit all generation sources and finally end their journey at the 
depot where medical waste can be disposed safely and reasonably. In this model, it costs a lot for the recycler when 
servicing all collection sites every day, for the difference in productivity among all sites is huge. As a result, the 
professional, regional recycler signs the recovery contracts with the larger hospitals and ignores the demands of 
small hospitals and clinics in reality, which causes a potential threat to human health. This kind of network is more 
suitable in small cites and the area with low-density of medical centers.  
2.2. The flow of pick-up vehicles in the network 
We also need to focus on the flow of the vehicles in the collection network. Namely, the optimization of 
collection network is also important. The main content of a logistic network optimization is to arrange access 
sequence of vehicles reasonably, making the intricate network well-organized. In Fig. 6(a), the travel lines intersect 
with each other and total distance increase dramatically, which causes the spurt in transportation costs and risks. 
While in Fig. 6(b), with the visiting order changed, the total distance decreases distinctly, and the costs and risks 
become lower indirectly. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 An example of the network optimization 
With further development of the recycle of medical waste by the third companies in China, they have realized the 
urgency of reducing the collection costs. Unfortunately, there seems no method for them to decrease their 
transportation cost. In the actual operation, pick-up vehicles visit the generation sources empirically. This way, on 
the one hand, extends the total distance. On the other hand, it also cannot take advantages of vehicle capacity. There 
are some researchers who try to solve this problem after 2010 in China. Shi Li-hong [15] establishes optimization 
...
... ...
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DepotGeneration source
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model of medical waste recovery network with a time window and capacity constraints by combining the qualitative 
and quantitative analysis methods together. Wang Mei [16] analyzes the process of medical waste in the recycling 
model of the third party and proposed optimization model of collection network. Xie Bin-fu [17] establishes an 
optimal path planning model in order to improve efficiency and minimize the cost of transportation on the basis of 
the transfer and recovery stations. But these studies are too late and too idealized and have no difference with other 
logistics problem where time sensitivity and risk are not fully considered. Therefore, to decrease the transportation 
costs and risk, a more effective way is needed to improve the flow of current network. 
3. Solution  
3.1.  The construct design of collection network of medical waste 
Considering the collection costs, the recycle company tends to ignore the small generation sources in the two-
level network, which enlarges the threat to human health and environment. Therefore, this paper proposes a 
improvement measure that the medical waste generated from small hospitals and clinics can be transported to the 
nearby bigger hospitals, as shown in Fig.5 (b). This is a mixed two-three level network. Compared with current two-
level collection network, some transfer stations are added in the new designed network. The construction of transfer 
stations is very strict, because what they hold is dangerous to human beings and the environment. They are unlikely 
to rise into the air, especially in urban areas. That’s why the nearby bigger hospitals are thought to be the best place 
to transfer the medical waste. What’s more, the waste production in the bigger hospital is large and it ’s not suitable 
to transfer such mass and dangerous substance secondarily. However, as a transfer station, the bigger hospital has 
enough space to accommodate the medical waste from nearby clinics. For example, a bigger hospital can produce 
500kg medical waste each day. Its’ periphery has 30 small clinics whose waste productions are only 1-2kg per day. 
That is to say, there are at most 60kg wastes that will be transferred to the bigger hospital. The amount is small 
compared with 500kg. The disposal companies just need to give some little discount and can diminish the operation 
cost. Of course, there are some bigger generation sources that don’t need to be transfer stations, so they also don’t  
need to transport their medical waste to the transfer stations. Instead, medical waste from these sources is picked up 
by the disposal center directly, just like the two-level network. In a word, the mixed two-three network is apt to the 
current status that the city size is bigger and medical points are denser. 
In the two-three hybrid network, the selection of transfer station is still challenging. The determination of 
selecting a certain hospital in a certain area (neither too big nor too small) is difficult, while considering economy 
and environmental protection factors comprehensively. There are some methods to select the sites in theory [18]. In 
the selection of the transfer station of medical waste, the major aim is to cover all medical units in a certain area 
with less transfer stations for saving operation cost. Therefore, set covering location meets the realistic demand and 
it’s worth recommending. The model is also widely applied to the site selection of logistics nodes [19]. 
3.2. The optimization of collection network of medical waste 
The main model of the network optimization is VRP (Vehicle Routing Problem) and its’ extensions [20]. In the 
current collection network of medical waste, the optimization goal is usually to minimum the total distance or the 
cost. Medical waste, however, is dangerous, so the risk in transit should be taken into consideration and the goal 
combined cost with risk is recommended. From the perspective of constraints, there is no obvious difference 
between current optimization of medical waste and general reverse logistics. Capacity limits is the only constraints. 
Considering about the medical waste recycling policies in China, medical waste must be completely recovered  
within 48 hours. If some points with large amount medical waste can be collected once a day and the rest with small 
amount is collected once two days, this way helps the disposal company save cost and meets the requirements of 
regulations of China. The model is described in Fig.7. 
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Fig. 7 A simple description of the model when applied in the optimization of collection network [21] 
In Fig.7, we provide an example of PVRP (Period Vehicle Routing Problem) of medical waste. The time period is 
two days, {1,2}T  , and the set of allowable service patterns is {1,2,(1,2)}/  . There are three generation source 
whose nodes are one to three, and a single depot (node 0). Nodes labels in parentheses are demand, and edge labels 
are travel distances. The vehicle capacity is 30 units. Generation source 1 must be visited twice on days 1 and 2 
( {(1,2)}/  ), and generation source 2 and 3 must be visited once, on either day 1 or day 2 ( 2 3 {1,2}/  /  ). In 
Fig. 1(a), a route on day 1 is shown and, in Fig.1(b), a route on day 2 is shown. In this example, the source 
assignments are 1 (1,2)O  , 2 1O   , and 3 2O  ,and the total distance traveled over both days is 34. 
4. Conclusions and recommendations for further improvement  
This paper summarizes the existing problems in the collection process of medical waste, and proposes methods to 
design and optimize the collection network which can help reduce the cost and transportation risk in the collection 
of medical waste. A two-three hybrid network is designed to meet the demand of various generation sources of 
medical waste. Then we come up with a path optimization to decrease the total travel distance. In addition, 
governmental supervision and regulations on the collection process are also of great importance. We made the 
following recommendations. 
 (1) The legal system. We must improve the laws and regulations of the recovery aspects as soon as possible, and 
establish a sound legal system. Using waste medical sharps shipping container as an example, the country should 
enact specific legislation to regulate the sharps shipping container, such as the size, function, capacity, sealing and 
etc. In addition, because of medical sharps possess stabbed or cut the body's characteristics, shipping container must 
be labeled with labels or colorful barcodes to reduce the risk of sharps injuries. Except establishing a sound legal 
system, the country should implement mandatory recycling system, medical waste recycling deposit system and the 
economic stimulus system, ultimately establishes a legal system of medical waste whole process management. 
(2) Regulation in transit. First of all, we can put advanced science and technology into the monitoring aspects of 
medical waste in transit. Specific implementation process is described as follows: using radio frequency 
identification technology (RFID) tags to record information of medical waste’s generation sources, quality, transport 
vehicles, and vehicle drivers is the first step, storing all of the information in the database through a computer 
terminal is the second step, and transmitting the information to the monitor and disposal department via the Internet 
is the last step. Secondly, we can use Global Positioning System (GPS) to supervise the locations of pick-up vehicles 
and travel paths in real-time. At last, we can also establish medical waste recycling in-transit monitoring information 
system, which is usually based on the realization of RFID and GPS. In-transit monitoring information system can 
realize real-time, visual, dynamic and scientific monitoring of medical waste recycling process. Meanwhile, medical 
waste recycling participants (hospitals, third party logistics, processing plants, government supervision and 
management departments) should jointly manage the system. To conclude, building the information system not only 
can achieve the in-transit monitoring medical waste management, but also reduce the burden of data statistics on 
medical waste industry. 
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